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HIGH SPEED TOOL STEEL ON LATHE WORK, 

The object of this thesis has been to work along the following 
lines. 

Pirst: To run brake tests on the lathe with a view to determin- 
ing the efficiency of the lathe under a variety of loads,and sve 
To calibrate the lathe so that any desired number of revolutions per 
minute of the spindle may be secured by refeying to the tables accom- 
penying this thesis, 

Second: To conduct a series of tests of high speed tool steel on 
cast iron, using six different standard grades of steel, determining 
the capacity of each grade of steel, the maximum amount of stock that 
can be removed in a given time using certain depths of cut and cut- 
ting speeds,without breaking down the tool, 

Third: To fit up a drill press for the purpose of making com- 
parative hardness tests on the cast iron specimens used in the tests. 

PRELIMINARY DISCUSSION . 

Cast iron is extensively used in engineering work because of 
its low first cost,its strength,and the facility with which it can 
be cast into any desired form. The great variety of machine parts 
made from cast iron,and brought to the desired shape in lathes, by 
means of some form of tool steel, tends to make the subject of this 
thesis of interest to the commercial woeka. 

During the last five years a new material known as “high speed 
tool steel" has been revolutionizing modern machine shop practice. 
This steel may be used for any shape or form of tool,and gives a 

\very large material increase of output and esviag of time in machin- 
, . 
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ing ,with a durability of from five to thirty times that of the 
best crucible cast steels. By means of this “high speed steel", 
steel bars can be machined and turned at a maximum speed of 500 
feet per minute,and cast iron drilled at the rate of 25 inches 
per minute, The cutting speeds of the ordinary carbon crucible 
steels are usually from 350 to 50 feet per minute. 

In the manufacture of"high speed steel" it is necessary to use 
the purest quality of iron and alloys. The steel is made by var- 
' Lous steel comanies, each company having its own method and compo= 
sition for making its special grade. The combinations usually used 
are iron and carbon with (1) tungsten and chromium, (2)molybdenum 
and chromium, (3)tungsten, molybdenum, and chromium, Each one of these 
metals has its influence on the quality of the steel. 

The main requirements of a good "high speed steel"demand that 
it should withstand the very high temperature due to friction when 
cutting at a high speed. In our own cance we have noted on several 
occasions that certain of the steels used were able to cut off 
stock without failing when the nose of the tool was at a red heat. 
"High speed tools"are hardened in air,in a cold air blast,or in 
oil, The “high speed steel"can be used for lathe tools,planer toolS,, 
taps, milling cutters, reamers, formed cutters, twist drills, undercut 
tools, boiler punches,drawing dies, pneumatic chisels,and pneumatic 
riveters. 

When annealed the steel is soft and can be 20 Rea ee eget iy 


as ordinary carbon steel, The unannealed steel is glass hard. 
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DESCnIPTION OF THE LATHE 
The tests were all made on a Lodge and Shipley 16" patent 
head high speed lathe,of the latest pattern. The lathe is direct- 
ly connected to a Northern variable speed motor of 2 1/2 rated 


electrical horse power. This motor takes its power from leads con- 


nected to the 110 volt circuit. At rated load the the motor takes 
20 amperes,and is guaranteed to run 100% overload for short periods 


without sparking or overheating. The liathe used is of somewhat 


lighter construction than the one shown in the figure, otherwise 


it is of the same design. The lathe will swing a diameter of nine 


inches over the carriage. The motor,and the resistance and controii- 


er boxes,are mounted on an 
extended cabinet leg at the 
end of the lathe. fhe motor 
shaft is connected to the 


lathe spindle through a 


\S friction clutch and gear- 


Headstock and Bach Gears. a 
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ing at the back of the headstock. The speed changes are secured 
by either varying the amount 
of resistance in the fieid 
coiis of the motor,or by 
using 2 multiple voltage 
system. Ten different speeds 


for each gear change are se- 


cured by means of the con- 


troller. The motor used gives 
practically a constant horse 


power with a speed variation 


of two to one. The motor is 


Feed Gear Changes 


connected to a short splin- 

ed driving shaft,at the back of the lathe,on which is mounted a 
sliding sleeve with two gears of .. different diameters. These 
gears may be shifted so that the drive is through either one of them 
into the main driving gear on the sleeve. Two other changes are se- 
cured by means of either of two back gears. in this manner we can 
get six different speeds,and with the ten different controiier 
notches we are able to get a total of 60 different speed changes. 
The motor is reversibie,its direction of rotation being changed 
by means of the controller handle. 

The back gearing is designed to give a uniform progression in 
speed from a slow to a fast speed. The two back gears are connected 


to the back gear shaft by spline and key,and are easily moved 
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lengthwise to engage with their respective gears.on the driving 


sleeve, 
The lathe is provided with an attachment for cutting tapers, 
(see illustration). it is set for tapers by loosening the cross- 


feed screw and tightening the screw in the sliding block and in the 


dog. It may be instantly changed to turn straight by loosening the 


The bushings forthe back gear shaft are placed at either end 
and are provided with oil reservoirs for self lubrication. in the 
center of the bearings for the spindle and driving sleeve,deep oil 


sy 
weils are cast, these are con- 


> Oiler 
nected with gauge glasses at 
the front of the headstock,so 


the height of the oii in the 


Lodge and Shipley Patent Main Bearing reservoirs can always be seen. 
At the center of each bearing is fastened a brass ring with four 
projections, these projections act as buckets and pour the oii on the 
bearings. 

The tail stock is very soiidly built and has a long bearing on 


the bed. it is shaped so as to allow the compound rest to be set 
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at 90 degrees when using the tool on small diameters. Suitable 


_— ‘screws are provided on the tail 


stock for setting over for taper 


work,and the base has a two inch 


index graduated to six-tenths of 


an inch. 


Tail Stock Rest 


The range of feeds is very flexibie. ee 


At the bottom of each column of the in- 
dex plate is given the minimum and max- y 

16 Lalhe Compound Tool Rest 
imum feeds obtainable when the pointer is in that column. intermed- 


iate speeds are secured by placing the knob in the holes indicated. 


The ratio of the feeds to the threads is two to one. 


See the next page for the blue print of the table showing the 


various feeds or threads obtainabie per inch. 


POSITION OF KNURLED GEAR WHEN CUTTING 
EXTRA THREADS. 

THE DOTTED LINES SHOW THE POSITION 
| WHEN CUTTING THE REGULAR THREADS 

OF INDEX 
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Feed Index for Cutting Threads. 


Thds. ob|] Thds. Knob] Thds. knob| Thds. Knob Thds. Knob 
4.75 4 2 3/6 4 


ah 


as 
B 
3) 


nS 
[@>) 
fe>) 


rled |Gea 


as 
oO 
a 
= 


Ca 
we 
i, 
ns 
@ 


128 te 72 


eS 
oo 
in {nu 
SJ 


6@ to 56) 52 to 16] 16 to -& B te «6 


Lodge and Shipley 16" patent head high speed lathe. 


Calibration of the Vontroller 
We went to considerable trouble in order to calibrate the 


handle on the controller so that any one of the ten notches in the 


controller box could be secured as desired. 
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TABLE of SPEEDS and GEARXS. 

21/2 H.P. Northern variable speed motor: current, 20 amps. 
volts, 110: R,P.M,, 600-1000: No, 16603, 

Lodge and Shipley 16 in, patent head lathe, 

The following table shows the actual lathe speeds at 
rated load of motor:- 

GEARS R. P.M. DIRECT BACK GEARS ON 

DRIVE GEARS MOTOR SHAFT 


4 0-26 out 2 AB 
2 26-54 out 2 cD 
3 40-84 out a AB 
4. 84-170 out 4a cD 
5 122-260 in - out AB 
6 260-510 in out cD 


For other speeds see efficiency tables, 


Motor Shaft Change Gear 
Handle 


“Back Gear 
Handle 
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Change Gears on 16" Ledge and Shipley High Speed Lathe 
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Photograph showing lathe in readiness for efficiency tests 


with Prony brake in place, 
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EFFICIENCY TEST OF THE LATHE, 


The obyvect of the test vas to determine the combined efficien- 


cy of the lathe and motor for various speeds and loads. 

The results of the test are given in tables i-6 and curve 
sheets 1-12 on the following pages, 

The wiring of the lathe motor for the test was done as shown 
fin the figure of electrical connections. A direct current watt-meter 
was nleced in the circuit and calibrated as described elsewhere in 
the thesis. 

A 12-inch pulley, taken from the Pelton water wheel, was 
mounted with set screw on a 2-inch shaft 15 inches long,and placed 
between centers on the lathe, | A "dog" was placed on the head stock 
end in the usual manner, The pulley carried a strap form of Frony 


brake (see photozraph), The brake arm rested on @ strut supported 


on platform scales, The scales were calibrated by means o8 U.S. Stan- 
dard weights and found to be correct. The notch on the brake arm 
was made 41.52 inches from the center of the shaft so that the for- 


ula for Brake Horse Power (B.H.P.) wouldbe simplified. 


B H.?P.= 2Trr. N. P. 27751.52xN,P. N.P 
; CC aa ae Co 


where P=pressure on the scales minus the brake constant minus 
the weight of the strut, all in pounds. N = revolutions of puliey 


per minute. 


The following method was pursued in conducting the brake tests, 
The watt-meter was connected up and placed in the position to give 


the correct reading when current was reversed in direction, by means 
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throw 
»f the double, switch, A piece of pork was used for a lubricant on 


vhe saab @oancn tbe tail-stock point, As the brake heated up it 
s necessary to loosen the tail-stock so as to allow for the expan- 
ion of pulley shaft. 

A series of 280 runs were made, varying the brake load for 
each of 36 different spindle speeds. The following readings were 
al for each run: (1) revolutions per minute of spindle-using enéed 


counter; (2) watt-meter reading in kilowatts; (3) gross pounds on plat- 


form scales: (4) number of gears and controller used. 


| ELECTRICAL CONNECTIONS, 

The manner of connecting up the electrical apparatus is 
shown in the accompanying figure. The watt-meter used was calibrated 
each day by reverséng the direction of the current through the motor 
SF mature and field, (this did not change the direction of rotation of 
the motor) and through the watt-meter. The position of the watt-meter 
with respect to the earth's field was varied and a bar magnet, made 
of hardened soft steel,and magnetized, was placed about 1 1/2 feet 
from the watt-meter, The poles of the magnet were reversed with 


respect to the earth's poles,and the position of the magnet was par- 


tie to the earth's field. Bhe distance of the magnet from the 
watt-meter was varied until on reversing the current the reading of 
the watt-meter remained unchanged. The reversal of current was Ob- 
‘tained by means of a double throw switch fastened by set screws to 


the side of the lathe. 
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DISCUSSION of RESULTS of the EFFICIENCY 
TEST on @ 16" LATHE, 

The tables (I-Iv) give the results of the brake tests on the 
lathe for 56 different gear and controller changes. For each one 
be these 56 variations in the spindle speed, the tables show the per- 
formance of the lathe for a load variation on the motor of from 12% 
of rated load (2.5 H.P.) to 100% overload. At the spindle speeds 
Rites 50 R, P.M. we were unable to screw the brake up tight enough to 4 
* an overload on the motor, The combined efficiccy of motor and 
lathe throughout the range is algo given. Twelve curves were plotted 
using the results obtained. 

Curve I shows the brake horse power that can be secured with 
any motor input in K.W. throughout the range. 

Curves (II-VII) inclusive show the efficiency variation in 


Der cent for any number of R.P.M. Each one of these curves is for 


: mop - Output in K. W. 
s certain constabt motor input in kK. W. EFF,= fistor input in KW. 


Curve Input-kK. W. R, P.M. Max. Eff, & 
Lm f 4 175 53 
III 2 225 67 
IV apo 235 69 
Vv 3.0 265 67.3 
: VI 3.5 225 63 
VII 4.0 400. 60 


Curves (VIII-xII) inclusive show the efficiency variation in 
er cent for any number of R,P.M. Each one of the curves is for a 


ertain constant brake-horse-power output, 


eas no ajeaes odetd edd to ativeer edt par (viet). wotans ¢ - Be 


eno dose 10% segnedo teiLorsgmoo bas 18082 savnettis 86 ro? 94 


mt 


 wteq odd wode aeldss eds ,beeqa olfatys ods at snotssizay 9% ee oy \$ 


— 
ime 4 


RS) mort to tosom eds mo mokssitey bsol es tot edsel ods to eons 


9 abeeqes efbstas edi th .beoltevo ROE of (.4.H &.S) deol be. s" 4 


ey 


od dawone tdgid qu edatd edt wotos os eldeny stew ow M.4 4H % wot 


a 


bane togom to yoototite beatdmoso edi togom eds no beolteve ae ? 


— 


 bessola etew sevire ovilewT smevig coals ak egnet odd suodguotds 943 
| .bentsido siivsot ods wal 
dete betvoes od aso Jedi tewoq eetod edetd eds swode | ever 7. ¥ 
m wognet ods Swodguonds Wd at sean be | 
2 ‘i et nokssizey yonetotite edd wode ovtawlont (1 1V-11) eevrd a 
got at eevtso exeds to eno dowi =.M.4H to tedmwen yaa to? sn00 : 


Mis 14 A aE sogsu0 a a 
WIRE Sank “tosom= W.i ak suqak tosom sdesenoo nhaste 


@ .335 «.xeM M4 A W Astpont 


sé ort t 
© Jes 7 

‘4 98 ass s 
img: | 8 258 oe 
a 


1% 


i 


#2 t0t et aevtwo eds to eno dost Md A to eee 


Jeqsso TeWOG sated: EF aetd + 


‘ ra =. 


Curve Output-B. H. P. R. P. M. Max, Bff. -% 


VIII 0.5 150 48 
IX 4.0 250 60.4 
x 2.0 290 67. 
xI 2.5 225 67.3 


XII 3.0 200 64 

The results show the highest efficiency for 69% at 54% over- 
Yoad on the motor. Teking a good value of 80% as the efficiency of 
the motor alone, that of the lathe at 34% overload would be 86.5%. 

The combined efficiency of both is 69%, 

The controller on the lathe was calibrated so that by using 
the tables (I-VI) and the table of speeds and gears, it is possible, 
knowing the K.W. input, to set the lathe so as to secure within 2 ike P.M, 
of the actual number of revolutions, without using a speed counter or 
watch. In thés manner the desired cutting speed for any piece of work 
can be obtained instantly without taking any trial cuts as is necessary 


using a Warner Cutmeter. 


The actual amount of power consumed or the efficiency of the 
lathe and motor within certain limits is not so impoftant as the sav- 
ing of time in machining: However the efficiency results secured 
are of value to the makers of lathe~motors and lathes. The tables 
(I-VI) would be of value in making tests on lathes ,similar to the 
one used, to find the actual power required in cutting off metal. 

The proportioning of lathe parts to withstand the force acting on the 


tool is of great importance in the design of modern lathes. 
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PREPARATION of TEST PIECE for LATHE, 


The cast iron test piece used in performing the tests on High 
Speed tool Steel is shown in the accompanying print and also in the 
photographs. The pattern was made in the pattern shop and four 
castings were cast in the foundry of ARMOUR INSTITUTEof TECHNOLOGY. 
Fach one of these castings weighed 460 pounds. It was found necessar 
to place each test piece in the slotting machine to remove rough parts 
which necessitated considerable extra work. The ends of the test 
piece were centered by means of an electrically driven hand drill, 

A special hook was made and placed in the ceiling above the 
lathe in order to support a block and tackle for handling the test 
pieces. Although the test piece used was very heavy the friction 
@t the tail stock did not cause the bearing at that point to heat up 
appreciably. 

A special chuck was machined in the slotter to hold the lugs 


on the headstock end of the test piece. 
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DESCRIPTION of GRINDING MACHINE, 


The tools were all uniformly ground on an electrically 
driven grinder made by the Gisholt Machine Co. The pichmeale of the 
grinder ia such that four different settings of a tool can be obtained, 
the angle of each setting being shown on a@ graduated scale, The 
carriage supporting the tool can be moved laterally by a hand wheel 
and prought up to the emery wheel by a lever, Running water is 
sprayed over the tool automatically while the grinder is in motion. 
The grinder is directly connected to a 5 H,P. motor, On the other 
end of the motor shaft is a small pulley carrying a 5/8 in. belt 
which runs over another pulley sane the floor. “The second pulley 
and shaft putSinto action the device for supplying the spray of water. 
The same water is used over and over again, A starting box was placed 


on the wall near the grinder for permanent use. 
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DESCRIPTION of the DRILL PRESS 
used for the HARDNESS TESTS on CAST IRON, 

In order to have a fair test of the HighSpeed Steel tools 
used, the cast iron test pieces, on which the cutting is done, should 
pe referred to a certain standard of hardness. The hardness of iron 
affects the cutting speed more than any other iqhality, therefore, a 
comparative hardness test is quite necessary. In order to carry on 
this test a drill press, made by S$. W. Putnam Sons, Fitchburg, Mase. 5 / 
was fitted up as follows: the hand-wheel rim was ektebind be means V/ 
of a milling machine so that the passage of one division of the scale 
by a fixed pointer indicated a travel of one-hundredth of an inch of 
depth of drill, The number of divisions necessary (420)was found by 
noting the travel of a point on the drill box eu revolution of the 
hand-wheel, This distance was 4.20 ‘ice. A device was attached 
to the lever of the drill press on which a weight of 50 iil could 
pe hung, 

By means of this apparatus the comparative hardness of two 
or more pieces of metal may be found as follows. Adopt one piece 
of metal as the standard. In our tests we took @ grey iron casting 
2"x2"x12" made in the foundry of the ARMOUR INSTITUTE of TECHNOLOGY, 

With the drill rotating at a constant speed the rate of feed 
of the drill in inches per minute is secured taking readings every 
0.4 inch drilled, A Morse standard 1/2 inch drill is used in the 
test, ground to an angle of 60 degeees, As the sharpness of the drill 


is liable to vary,@ short preliminary run is made on the standard test 
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Photograph of drill press showing arrangement for hardness 


test on cast iron specimen, 


Figure iV 
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piece previous to each regular run. In this manner a comparison can 
always be obtained with a standard. The Gaecarative hardness of the 
test piece is one hundred times the depth in inches drilled per minute 
in the standard specimen, divided by the depth in inches per minute 
drilled in the test piece. This is assuming one hundred as the 
herdness of the standard cast iron. The forgoing method was secured 
from ® report written by Prof. J. T. Nicolson of the Menchester Munic- 


ipal School of Technology, Manchester, England. 
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j } Test of the HIGH SPEED STEEL TOOLS, 

The test of the high speed steel tools on the cast iron 
specimens were conducted in the following manner: two tools from 
each of six different grades of steel were forged, hardened, and 
ground as described elsewhere in the thesis. The front clearance 
on the tools (6+:0°) was secured by hand on the emery wheel, 

All tools were placed in the tool rest perpendicular to the 
center line of the work. The nose of ui tool was adjusted from i/& 
to 1/4 above the center line of the work, This was secured by ~ 
means of a steel rule supported at the correct height above the ways 
on two blocks of wood placed on end. 

Before starting the test all moving parts of the lathe were 
oiled, A wooden box i'xi'x2' was made and placed under the iathe 
bei to catch the chips. A111 the cuttings removed during a run were 
swept ae placed in this box, and weighed on piatform scales, Pieces 
of sheet metal were cut and put about the tool when in use so as to 
keep tool rest as clean as possible. in order to prevent slippage 


the set screw on the tool rest , and bolts on the carriage and on the 


tail stock were screwed up tizhtly. 

The feed in inches per revolution was secured by means of the 
table on gears for thread cutting. The number of revolutions per 
inch of longitudinal travel of tool is two times the number of threads 
set. These feeds are accurate as we found by calibration. 

The desired depth of cut was obtained by means of the grad- 
uated scale on the upper tool rest cross feed screw. The actual 


depth of cut was secured by finding the circumference of the test 
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Photograph showing lathe in readiness for a test of 


HIGH SPEED STEEL on Cast Iron. 
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piece at three points before and after each run using a steel tape. 
Dividing the mean circumference by 77 and taking 1/2 the difference 
petween the diameters before and after the cut, gives the actual depth 
of cut. The revolutions per minute of the spindle to give the de- 
sired approximate cutting speed, yoo secured as follows: 

Referring to the tables of the efficiency test of the lathe and know- 
ing by trial the power in K, W. required to take a certain cut, we were 
able to secure @ certain gear change and controller notch that would 


give the desired Rk, P. M. of the spindle in order to secure @ cutting 
speed of from 15 to 80 ft./min. on work of from 1/4 inch to 24 inches 


in diameter, This table is very convenient but the formula was used 
for speeds greater than 80 ft. /min. 
The following data was taken during the test: 
Brand and number of tool used, 
Number of test, 
Feed set in inches per revolution. 
Cut set, 
Mean circumference of work before run. 
w w " w after " 
Diameter of work before run. 
" t " after " 
Actual cut in inches: 
Re P.M. by hand speed counter, 


Duration of run in minutes, 


Weight of iron removed in pounds. 
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Number of gears and controller used, 
K.W. from watt-meter--no load. 

" " "t " .-with load. 
Rake on tool-front to back. 

Paine vg " «side to side, 
Clearance on tool-front. 

w wt " -side,. 

Angle between cutting edge,and side of tool. 
Why run was stopped. 
Condition of tool after run, 
Number of temper on tool, 


" " test piece, 


The point of the tool was ground after its condition went below "good" 

An "excellent" tool was one on which no perceptible change 
was noted on the cutting edge. 

A "good" tool was one which showed no bad effects and could 
keep up the cut across the test piece (30") without the work showing 
any taper, 

A "fair" tool was one which could keep up the cut across the 
test piece but left the work tapered, 

A "“failed"tool would not sustain the cut one-half the way 


across the test piece, 
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DISCUSSION of the TEST of 


HIGH SPEED STEEL on CAST IRON, 

ha) Hardening the Tools, See table Ix, 
A mistake was made in the directions given us for hardening 
"Albion" high speed steel, In order to investigate the difference 
in the quality of the tool when heated to different temperatures and 
coodsed in an air blast or oil, we conducted @ series of experiments 
with a muffle furnace and pyrometer, heating twelve small pieces of 
the metal to temperatures varying from 1375°R, to {2260°r)/ or @ good 
white heat. All the pieces heated below 1000", were soft. The qual— 
| tty of the tool ingeasSa gradually from 1800°F to 2000°%and at 2200°R, 


r good, hard, tough tool was obtained by cooling in an air blast, A 


muffle furnace is not desirable for hardening lathe tools because it 
will not give the necessary high temperature, Also, even if a high 


temperature is available, it is not best to usé one for lathe tools 


unless some method is provided for heating only the nose of the tool 
‘to @ white heat, If the entire tool is hardened it is very apt at 
heavy loads to break off under the set screw. As few heats as poss- 
ible should be used on any one tool, The high heats necessary for 
tempering lathe tools is liable to melt the edges of the body of the 
tool when using a muffle furnace. When placing the tools in the air 
blast for hardening it was found to be advantageous to only haxs about 
one inch of the nose of the tool to be exposed to the blast, thus 


allowing the neck of the tool to cool down Slowly and add to the tough— 


ness of the toole 
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(Cb) Grinding the Tools. 
It is an essential in grinding a high speed tool that care 


pe taken not to force the tool against the wheel or allow one point 

to remain in contact with the same line on the wheel. Surface cracks 

will be produced if the tool becomes too hot while using water. 

These cracks tend to reduce the quality of the tool and in some cases 

cause it to break. Two of the'Vulcan" tools broke due to cracks made 

while grinding. 

(c) Results, 

For a certain éeastent feed and cut a series of runs were 

made on each of the six different grades of steel, the cutting speed 

in ft./min. being increased for each succeeding run until the tool 

failed. The accompanying blue print shows’ the performance of each tool. 
Summary of Results from Blue Print. 


Tool Cuta&Feed bustained |#C.1. removed| Area | Area ca ndi- 
i a pe q ¥q £2 


nches spee rmin. jof cut /mach on Ae 
McInnes |, O5x.0626 134. 1.39 0081 “0.7 ar 
Novo ,042x.0685 | 125 1.12 .0026 | 0.64 m" 
Blue Chip |.05x.0625 155 1.39 0031 0.809 " 
Bohler rapid.05x.0625 170 1.59 0031 0.883 | poor 
Vulcan -055x .0625 141 MR -00384 otal good 
Alpion . -0652.0625) 111.5 1.23 666 -566 " 
McInnes ~115x.0625] 126 2.57 .0072 - 655 limit 
Novo -11x.0625 | 114 2.29 .0069 .597 | good 
Blue Chip | .105x.0625| 139 3.10 0065 ».725 | limit 
Bohler Rapid.13x.0625 105 2.56 -0081 -551 | good 


Alpion -135x.0625; 111 2.55 ~0084 -559 | limit 
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All tools failed on the next highest speed,given in the above 
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The tools used in this test were 


worked according to the directions furnished 


by the makers as stated on the following pages. 
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COMPOSITION of HIGH SPEED TOO! STEEL, 

The following may be given as the composition of a well 

known High Speed Steel: 
Muck (Swedish)........00.0504% keos 4500 Lbs. 
Special Tool Scraps.....++.+2+++5++- 40.0 Lbs, 
Washed OREEs ve se wed e ea ssaneser sss «MO o® Lbs. 
PePre-chPomhum, 0.6. ccccsccssvaces eos 5.0 Lps. 
ic cated oh hulsnte xe ol ands nein: Me Lia 

When iron is melted the crucible is taken from the furnace 

and slag removed, ' Betewe replacing the following are added: 
i TEV ET EE LUPLeE Ter eer 1.5 Lbs. 
FOPPO+<MANGONGEHS. 2 ccc ccccsscscsssue -- 0.5 Lbs. 
Metallic PONCER PARISI HG tes RAD 20.0 Lbs. 
RES RS 9 sie. bce eta en nary, woe 1.5 Loe, 

The object of the clay is to act as @ decerbonizer and it 
proves very efficient. It removes the alloys to a large extent ex- 
cept chromium (probably by forming silicates) consequently these are 
not added until the clay is removed, The crucible is then replaced 


for thirty minutes. 
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List of the Various Steels Used in the Tests. 

(1) "Vulcan" High Speed Tool Steel. Made by the Vulcan Cruc- 
ible Steel Company of Aliquippa, Pa. 

(2) "Bohler Rapid" Self Hardening Steel. Made by Bohler Bros. 
& Co., Styrian Steel Works, Vienna, Austria. Houghton & Richards, 
Agents, of Boston, Mass. and Chicago, 111. 

(3) "Air Novo" High Speed Steel, Herman Boker & Co, 

(4) "Blue Chip" High Speed Steel. Made by the Firth-Sterling 
Steel Company at Pittsburgh, Pa. 

A5) “Alpion" High Speed Self Hardening Steel. Made by Hobson 
Houghton & Co.,ltd., Don Steel Wks., Sheffield, England. Chas. G.Stev- 
ens, Chicago Agents. 

(6) McInnes "Extra" High Speed, Air-Hardening Steel. Made 


by the McInnes Steel Co.,lLtd., Corry, Pa. 
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Instructions for Forging and Hardening Grades 
of HIGH SPEED TOOL STEELS, 

These instructions were furnished by the makers of the steels, 
For lathe, planer, and similar tools, 

(1) Instructions for working "Air Novo" steel, 

The bar should not be broken cold: it should be cut off hot, 

FORGING.- The heating should be done slowly in a well burned 
through, hollow, coal fire or in a charcoal fire and care taken that 
the heat has thoroughly "soaked" through the end which is to be forged 
and the forging should be done at a high lemon color heat. The heat 
color should be like the glowing fibre of an incandescent lamp and 
the steel should be so hot that it forges on an anvil with a dull 
sound and without a metallic ring, giving readily under the forging 
hammer. This lemon color heat is absolutely necessary in forging. 
Time may be saved by grinding the tool on a dry emery wheel while the 
forged tool is still red hot from the forge. After forging, permit 
the tool to grow cold by itself on the floor, | 

HARDENING.- Take the forged tool which, as stated above, 
should be permitted to grow cold gradually, and bring the forged end 
or nose into a well burned through, coal or charcoal fire (not @ gas 
furnace because a gas furnace will not make the steel hot enough) 
slowly to @ white heat. This extreme white heat should confine itself 
to about 1/2 to 3/4 of an inch from the nose of the tool and should 
be so hot that the steel begins to fuse and blister. This high heat 
is absolutely necessary. Do not allow the air blast in the forge to 


play on the point of the tool, 
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At this white fusing heat, quickly draw the tool from the 
fire and put the white hot part in contact with the strongest and cold- 
est air blast which is available, letting the tool get cool so that 
it may be picked up with the bare hand. Compressed air will give the 
best results, however, good results are secured with as low as two 
pounds of air. Under all eebdtsteus avoid bringing the tool into 
contact with water while hot, 

Equally good results are obtained by hardening the white hot 
nose of the tool in free running oil (that is,so that cool oil at 
@bout 80°F, or less comes continually in contact with the hot tool) 
Kerosene, fish oil, or lard oil will give the best results. The tool 
should be permitted to grow comfortably cold in the oil, all the time 
keeping cold oil in contact with the tool and then the cooling off 
process should be continued in a cold blast. When the tool is thrust 
into the oil it should be gives @ motion in a direction parallel to 
the sides of the stock of the tool. The white hot nose of the tool 
should touch the oil first. After the tool comes out of the oil the 
nose must show signe of having been fused a trifle and must have a 
greyish white appearance, 

GRINDING.- Grind on a wet emery wheel but with a plentiful 
supply of water and not too forcibly as surface cracks might be createa, 
These cracks might cause the tool to break off. 

A dry emery wheel could be used taking care that the steel 
does not become discolored, See that grinding wheel is not glazed, 

(2) Instructions for working "Blue Chip" high speed steel. 


(a) For lathe, planer, and similar roughing tools, 
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FIRE,- For this class of tools a good fire is one made of 
hard foundry coke, broken into euaki pieces,in an ordinary blacksmith 
forge with a few bricks laid over the top to form a hollow fire, The 
fire must be well burned through, and solid, so that the blast does 
not touch the tool, The bricks shoulds thoroughly heated before the 
tools are hardened, Hard anthracite coal may be used very success- 
fully in place of hard coke and will give a higher heat, 

FORGING,- Heat the nose of the tool slowly and uniformly to 
@ good forging heat. Do not hammer the tool after it has dina: ae 
low @ bright red heat. Avoid as much as possible heating the body 
of the tool, so that the natural toughness in the neck of the gool is 
retained. Time can be saved by grinding the tool while red hot from 
the forge. 

HARDENING.- Heat the point of the tool to an extreme white 
heat until the flux runs. This heat should be the highest possible 
short of the melting point. Care should be taken to confine the heat 
to the end of the tool so that the tool will retain its natural tough- 
ness in the neck where it is held in the tool post. 

Draw the tool quickly from the fire and cool in a good air 


blast, or in oil such as fish or cotten-seed, Ks ae 
a — oaks 


Grind the tool on a dry emery wheel. on 
For finishing tools harden according to the directions for 


hasdening milling cuttersr (See next page), 
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(b) ve Milling Cutters, Drills, Taps, Reamers, Formed seccere, and 
similar tools, 

PIRE, - Gas furnaces designed for high heats are now made and 
do very satisfactory work in hardening this class of tools, There are 
furnaces on the market made especially for this purpose. Where a fur- 
nace is not convenient these tools can be hardened in a forge fire as 
described for hardening lathe and similar tools but care must be taken 
to keep the tool away from contact with the fuel, 

HARDENING. = Tools should be heated to a white heat just be- 
low the blistering point, The heat should be the highest possible 
in view of the importance of preserving the cutting edges. The high- 
er the heat the better the tool, In cooling, quench in oil immed- 
iately when taken from the fire as described for lathe tools, 

For this class of tools and for lathe finishing tools draw 


the temper to a dark straw castor of about 500°F. 


(3) Instructions for working "Vulcan" high speed steel, 


Heat the tools to an absolute white or welding heat and then 


cool in oil (not kerosene), 
With tools of intricate shape or having fine or sharp edges, 
heat as near a white heat as possible and cool as above. 


This steel cannot be hurt by burning. 
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(4) Instructions for working McInnes "EXTRA" High Speed, Air- 
Hardening Steel, 


| FORGING.- Heat the steel (away from the blast) slowly, 
thoroughly, and evenly at the ordinary tool steel forging heat taking 
care to heat the steel uniformly to the center: then shape the tool, 
Avoid hammering the steel when it has cooled below @ dull red, 

HARDENING. - After the tool is forged to the desired shape 
reheat the cutting end until it sweats or just before it runs: then 
cool off in an air blast or dip in fish oil. 

(5) Instructions for working "ALBION" High Speed Self-Herden- 
ing Steel, 

FORGING, - Heat gradually but thoroughly to a cherry red, in 
the same manner as tempering Tool Steel. 

HARDENING. - Reheat to a white heat and cool in oil, 

(6) Instructions for working "BOHLER RAPID" Styrian High Speed 
Steel, 

FORGING. - Heat to a bright yellow color, Do not allow the 
heat to run as low as a cherry red while forging. After forging 
allow the tool to cool slowly before hardening. 

HARDENING, - For lathe, planer, and boring tools heat to a 
white heat but not to a scaling or melting point. Cool in air or 
in a cold blast. For milling cutters, taps, reamers, and twist drills 
heat as above and cool in fish oil. The temper of the latte® class 


of tools should be drawn in tempering oil. 
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iments made at the Manchester Municipal School of Technology. The 
article is written by Prof.dJ.T.Nicholson. Frof.Nicholson conducted 
the tests personally. 
Same article as above reported in the American Machinist, for Nov. 
19 and 26, 1903, 
The Engineering Magazine for May, 1906,page 251. An article on 
"High Speed Steel in the Factory" written by 0.M. Becker. The article 
states and discusses the four conditions affecting the economy of @ 
tool. First cost,accuracy of work,cost of maintenance in an efficient 
state,and endurance. The article states the different purposes and 
kinds of tools for which High Speed Tool Steel may be used. 
"Tests of High Speed Tool Steels on Cast iron". A very fine art- 
icle by L,P. Breckenridge and H.B. Dirks in “American Machinist" Vol. 29 
Number 10, The article gives a description, with illustrations,of some 
experiments made in the shops at the University of illinois. 
University of Illinois Bulletin. "Tests of High Speed Tool Steels 
on Cast Iron". Nov. 15,1905. Vol. 3. Number 4 issued by the Engineer- 


ing Experiment Station. Complete details of the tests in book form. 
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"High Speed Steel in the Factory"-Engineering Magazine gene.ciene’ 
pege 931, Gives a general review of the field, This Fe the rect 
of a series of articles written by 0.M, Becker and Walter Brown, 

‘Metal Working Tools"-Engineering Magazine 1905, page 932, The 
article is very good dealing with the various effects of cuts, feeds, 
and speeds, 

"Report of the Franklin Institute"-Engineering Magazine, 1905 
Vol, 25, pagei2i, The article deals with the Taylor-White Tool Steel 
and discusses various processes of treating tool steels to obtain the 
maximum efficiency at high cutting speeds. 

"Tests at the Manchester Municipal School of Technology"-Eng, Mag. 
1904, Vol. 27,page913, Article by D.A.Wilt dr. 

Proc, A.S.M.2. Vol. 24, page 351. 

Iron Age, Apr. 7, 1904 & Dec. 1, 1904. 

Machinery, Apr. 1905 & Apr. 1906, 

Proc. A.S.M. 2. Vol. 25, page 105 & Vol, page 49 

Iron and Steel Mag., Mch. 1906, _ 

The Iron Trade Review, Apr. 2,1904. 

"Testing Cast Iron"-The Foundry, May 1906. 

The Iron Trade Review, July 14, Aug. 4 & 25, 1904, 

The Engineering Magazine, Sept. 1904, 

The Iron and Steel Magazine, Jan. 905, page 19. 


Proc. of the Western Railway Club. Article by J, A. Carney, Dec, 1903. 
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“hapid Cutting S$teel"-Technics, Jan. 1904. Article by Prof.d. 7. 
Nicolson, sives a formula for finding the allowable cutting speed 
in feet per minute for various materials, 

"Heat Treatment of Steel"-Proceedings of the institute of Mechan- 
ical Engineers, Jan. 1904, A discussion of the hardening, annealing, 
and chemical properties of steel. 

"The Introduction of High Speed Steels in Lngineering Work Shops", 
kEngineering (London), March 4, 1904. Vol. 77. 

"High Speed Tool Steel": its Manufacture and Use, by J.M. vwiedhill- 
Technics, Part i, June 1904: Part 2, #uly 1904, Some of the materials 
and processes used in the manufacture of high speed steel, 

"Experiments with a Lathe Tool Jynamometer"-A.S.M.h., Vol, 25 , 1904, 
Article written by Prof, J.T.Nicolson. The apparatus measures all 
forces acting on a lathe tool while cutting. A discussion of the 
influence of cutting angles on the power required to cut, 

"A Twist Drill Dynamometer"-A,S.M.+- Vol, 26, 1904, The apparatus 
measures both the torque and the twist of the drill while cutting with 
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"The Chemical Analagis of High Speed Steels and Alioys"-Technics 
reali ‘ 


—_ 
Oct. 1904 Article by F.ibbotson. 


"Feeds and Speeds for Lathe Work"-American Machinist, May 25, 1905. 
Tests made at the Gincinnati Milling Machine Co. Shops. 

"The Bractical Handling of High Speed Steel"-iron and Steel Mag. 
Jan. 1905, Vol. 9, page 251, 

"Report of some High Speed Steel Tests"-lron and Steel Magazine, 


Vol. 10, page 2387, 
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"Experiments with a New Tool Steel"-Stahl and Egsen, Jan. 1,1901. 


The above article was written by F. Heissig. lt gives the report of 
- some tests made by Bohler Bros. and Co. on their "Bohler napid" steel. 

"The Taylor-White process of treating tool steel and its influence 
on the mechanic arts"-Journal of the Franklin institute, Sept. (On. 

"High Speed Tool Steel"-Stahl and Eisen, Jan, 15,1905, The 
article discusses the chemical properties of high speed and self- 
hardening steels. 

"Speeds, Feeds, and Angles of Metal-Cutting Tools"-American Ma- 
chinist, Mch.5,1903, The article discussesjthe relation of the cutt- 
ing angles to the angles to which the tools are ground. 

"The hequirements of Machine Tool Operation with special refer- 
ence to Motor 2rive'-American Machinist, March 12,1903 (contains Bart 
1) Mch. 19,1903 (contains Part I1), The article was written by Mr.v. 
Day and contains a very good discussion of electrically driven machine 
tools, 


"Cutting Speeds and Feeds with New Tool: Steels"-Engineering Mag. 


Vol. 26, Jan. 1904, Article written by Mr. Uberlin Smith containing ~ 
@ record of results secured with the steel. 

"Metal Cutting with the New Tool Steels"-Engineering Mag. Vol. 25, 
Apr. 1903. Article by Mr, Oberlin Smith which contains a discussion 
of the changes in machine tools brought about by the introduction of 
high speed steel, 

"Rapid Fool Steels"-Engineering (London) Vol, 76, Aug, 21, 1906, 


Discussion of chemical properties and attainable speeds with H. Ss. steel. 
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